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Abstract 

The variety of cloud-based services that are now accessible is expanding at a fast pace, and as a result, it has 

become much more difficult for regular customers to choose the appropriate cloud services. When selecting an 

appropriate service to use in a setting where there is a high degree of unpredictability, it is in the user's best 

interest to be able to deal with ambiguous information. This is because the Cloud service environment contains 

a great number of unknowns, which may prevent the user from making wise choices. In this paper, the authors 

propose a framework that they call the Optimal Service Choice and Priority of Cloud Computing (CC) Service. 

This methodology gives cloud customers the ability to evaluate the various service options available to them 

relying on QoS (Quality of Requirements) standards. The model employs a mixed approach to decision making 

that is based on many factors. The PROMETHEE is used for the purpose of ranking and prioritizing the QoS 

criteria, and to get the final rank of cloud services. The suggested methodology is a Multi-criteria decision 

making approach due to this problem contain many conflicting criteria. The PROMETHEE is integrated with 

neutrosophic environment to overcome uncertainty information. The application of methodology is provided.  

Keywords: Cloud Service; MCDM; Neutrosophic Sets; Cloud Computing; Quality of Service  

 

1. Introduction 

Cloud computing has developed as a new emerging paradigm that has revolutionized the way that computing 

and service solutions are provided. This transition came about as a result of the explosive growth of service 

computing. The concept of computing in the cloud was derived from a wide variety of cutting-edge technology 

and has some characteristics with other types of computing systems. As comparison to more traditional forms 

of computing, cloud computing (CC) offers a number of important benefits, including considerable cost and 

efficiency savings. The CC paradigm provides three different levels of service, which are referred to as Software 

as a service (SaaS), Platform as a service (PaaS), and Infrastructure as a service (IaaS)[1]. These levels are 

determined by the requirements of the client. Users of CC are able to satisfy their information technology 

requirements by accessing virtual servers via the Network rather than constructing and maintaining their own 

computer infrastructure. Clients of cloud services benefit from this since they only have to pay for the resources 

they actually use, as opposed to the upfront expenses of hardware and software that are required by previous 

computing models. The elimination of a variety of administrative overheads in addition to the simplification of 

technological difficulties is another advantage of using CC for in-house information technology infrastructure. 

CC has become an excellent solution for businesses to run their operations as a result of these advantages. As a 

direct consequence of the capabilities offered by CC, several companies have been inspired to move their 

operations from on-premises data centers to those located in the cloud[2], [3]. 

As a consequence of this, many of the most successful information technology companies, such as Microsoft, 

Huawei, and Amazon, as well as private people, have shifted their operations from in-house to CC because of 
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the capabilities offered by CC. As a result of this, a multitude of services are now being offered via the cloud, 

and there are a number of cloud service suppliers located all over the globe[4], [5]. Most notably, the many 

cloud service suppliers deliver services that are comparable to one another but vary in the attributes they include, 

as well as the rates they charge and the levels of efficiency they give. When confronted with all of these different 

options and unknowns, cloud users who have made the decision to employ cloud services are faced with the 

challenge of selecting the finest cloud service provider that can meet all of their unique requirements[6], [7]. 

One of the most significant difficulties is figuring out how to choose a cloud service that meets the specific 

requirements of prospective customers in a way that is both highly effective and accurate[8], [9]. 

 

 

Figure 1: The cloud service provider situation. 

In this respect, the most important criteria for rating and choosing between various cloud service providers 

constitute a comparable set. These criteria are concerned with quality of service. Quality of Service (QoS) refers 

to a collection of features, both functional and non-functional. The consumer of the cloud service will use these 

QoS features in order to make comparisons between the various cloud-based services[10], [11]. Cloud service 

choice is a common situation in which a cloud client or decision-maker chooses the cloud service that will best 

meet their needs based on a number of quality of service factors that are in conflict with one another. In addition, 

the process of selecting a cloud service comprises many distinct considerations, including a variety of 

Requirements, cloud service options, an interdependent link among requirements, and the synthesis of all 

information gathered that corresponds to each criterion[12], [13]. Consequently, the challenge of selecting a 

cloud service falls naturally within the heading of a multi-criteria decision making (MCDM) dilemma in figure 

1. 

Hence, in order to cope with client specifications and evaluate cloud services according to their capabilities, a 

more effective MCDM strategy may be necessary[14]. In this article, we provide a methodical evaluation 

approach for picking an ideal cloud service from a range of multiple comparable options, with the selection 

being made on the basis of the QoS requirements associated with cloud services. The customers are able to 

evaluate several cloud service offerings using this framework, according to their finest choice along with a 

number of other variables[15]–[17]. 
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The following is the structure of this paper: In Section 2, we present the framework that will be used for selecting 

cloud services. In Section 3, an algorithmic representation of the methodology's actual application is provided 

for consideration. The last part of this paper, the conclusion, is found in Section 4. 

2. The Neutrosophic PROMETHEE Framework  

The PROMETHEE methodology, also known as the Preference Ranking Organization Method for 

Enrichment Evaluation, is an example of an outranking technique that offers a complete preorder on the set of 

actions that might be taken[18], [19]. 

 

These are the procedures that need to be taken in order to implement the PROMETHEE technique: (a) 

Creating an options and requirement matrix (b) Choosing a preferred function (c) Weighting requirements (d) 

Computing incomplete preorder (e) Computing complete preorder and (f) rating the actions[20]–[22]. 

 

First, you will need to standardize the information on the choice. That is, transforming 𝐴 =

(𝑎𝑖𝑗)
𝑚𝑛

 𝑖𝑛𝑡𝑜 𝐵 = (𝑏𝑖𝑗)
𝑚𝑛

 to normalise the data. If the decision is a non-beneficial factor, the information 

related to the choice should be altered by its complementary set; however, if the decision is an efficiency 

component, the information related to the decision should not be altered. 

Build a preference function 𝑃𝑗(𝑂𝑖 , 𝑂𝑟) of option 𝑂𝑖  relative to 𝑂𝑟  under the attribute 𝐶𝑗  by using the 

following formula: 

 

𝑃𝑗(𝑂𝑖 , 𝑂𝑟) =  {

0,      𝑡 ≤ 𝑝
𝑡−𝑝

𝑞−𝑝
,    𝑝 < 𝑡 < 𝑞

1,    𝑡 ≥ 𝑝

                                                     (1) 

 

Depending on the specifics of the situation, policymakers may also choose to develop preference functions 

on their own. t is the parameter of the priority function and represents the difference in criteria values among 

scheme 𝑂𝑟 and scheme 𝑂𝑟. 

 

Define the index of priority 𝛽(𝑂𝑖 , 𝑂𝑟) 

 

𝛽(𝑂𝑖 , 𝑂𝑟) =
∑ 𝑤𝑗𝑃𝑗(𝑂𝑖,𝑂𝑟)𝑛

𝑗=1

∑ 𝑤𝑗
𝑛
𝑗=1

=  ∑ 𝑤𝑗𝑃𝑗(𝑂𝑖 , 𝑂𝑟)𝑛
𝑗=1                                          (2) 

 

 

Define the inflow, outflow and the net flow 

 

∆ =  ∑ 𝛽(𝑂𝑖 , 𝑂𝑟)𝑛
𝑟=1                                                              (3) 

 

∇ =  ∑ 𝛽(𝑂𝑟 , 𝑂𝑖)𝑛
𝑟=1                                                              (4) 

 

∃ =  ∆ − ∇                                                                    (5) 

 

Rank the alternatives based on the net flow  

 

3. Applications 

In this section, this paper provides an application of selecting best provider from multiple providers and 

conflicting criteria. This study gather three experts who have experience in cloud computing to evaluate the 

criteria and providers. Three experts gather 11 criteria and five alternative to apply the suggested neutrosophic 

methodology. There are 11 criteria described in table 1. Let experts used the single value neutrosophic numbers 

(SVNNs) to evaluate the criteria and alternatives[23]. First experts evaluate the criteria. Then integrate the 

preference value of experts to compute the weights of criteria. Figure 1 shows the weights of criteria.  

 

 

https://doi.org/10.54216/NIF.010202


Neutrosophic and Information Fusion (NIF)                                                  Vol. 01, No. 02, PP. 16-25, 2023 

  

19 

Doi: https://doi.org/10.54216/NIF.010202 
Received: December 18, 2022 Accepted: March 15, 2023 
 

Table 1: The description of criteria[24]–[27]. 

Criteria Description 

Accessibility The amount of time, measured in percentages, that a 

cloud service is really accessible through a network 

is referred to as its accessibility. 

Consistency 

 

In cloud computing, "consistency" defined as the 

degree to which a cloud service continues to 

function normally while being subjected to a certain 

range of operating conditions over a predetermined 

amount of time. It is computed as the product of the 

cloud service provider's guaranteed mean prediction 

error and the chance of service failure for the given 

amount of time. 

Reaction Time 

 

Reaction time is an indicator that provides a more 

condensed overview of the entire functionality of a 

cloud service. It sheds light on the speed with which 

a cloud service may be made accessible for the 

purpose of utilization. Hence, the time it takes to get 

a response message after submitting a request 

message is considered to be the response time. 

Bandwidth 

 

The quantity of work that a cloud service is able to 

finish in a certain length of time is represented by 

the bandwidth. When referring to a system that 

processes transactions, the throughput is often 

measured in transactions per second. 

Cost The cost is always a significant component in the 

whole decision-making process. With the cloud 

computing model, the user only pays for the 

resources they really utilize. The cost of using cloud 

computing services is determined by two 

fundamental factors: acquisition and on-demand 

pricing. 

Protection 

 

 

Once it comes to storing sensitive corporate data on 

the cloud, safety is one of the most important 

characteristics to look for. A collection of control-

based technologies and policies meant to conform to 

the regulatory compliance regulations and secure 

information, data applications, and infrastructure 

linked with the use of cloud computing is what we 

call cloud computing security. 

Stability 

 

In the Service Level Agreement (SLA) for a cloud 

service, the word "variance" refers to the stability of 

the service's operation. This demonstrates the 

fluctuation in the mean amount of time required to 

read and write data using a cloud storage service. 

Extensibility 

 

Scaling is the process of effectively assigning and 

coordinating the resources of an app in order to 

reduce the amount of conflict that exists. The ability 

of a cloud service to be scaled up when demand is 

highest is what is meant when we talk about its 

scalability. 

Storage Facilities Available and Geographical 

Location of the Data Center 

 

When it comes to computing the operations, there 

are two different kinds of disc sizes. They are 

referred to as internal and exterior. The internal 

storage disks, on the other hand, are housed on the 

exact same physical hardware as the calculated 
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instance itself. In contrast hand, the external storage 

portions are located on a system that is external to 

the computer. Computed applications more often 

than not have data centers in several locations, 

which helps in determining which operations are 

distributed in calculated instances. 

Portability 

 

The capacity to shift an object from one device 

to another while maintaining its functionality on the 

victim machine is what we mean when we talk 

about portability. 

Within the framework of cloud computing, 

portability can be broken down into two distinct 

subdomains: the portability of data and the 

portability of applications. 

Interoperability 

 

It specifies the capacity of a service or app to 

communicate with other services and applications 

inside a system or to share information with those 

other services and applications. Interoperability is 

described in the context of cloud technology as the 

capacity of personal, commercial, and mixed clouds 

to comprehend the app of the other kind of cloud. 

 

 

 
Figure 2: The Weights of 11 feature of cloud computing service. 

 

Then let experts to evaluate the alternatives and criteria to build the decision matrix. Table 2 shows these 

assessment. Then normalize the decision matrix. Then build the preference function. Then compute the index 

of priority. Then compute the leaving and entering criteria (in flow and out flow). Then compute the 

difference between inflow and outflow to compute the net flow. Then rank the alternative based on the highest 

value of net flow. The figure 3 shows the rank of cloud service provider. The provider 3 is the best alternative 

and provider 2 is the lowest alternative.     
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Table 2: The decision matrix. 
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Figure 3: The order of 5 cloud service provider 

4. Conclusions  

During the last several years, CC has seen a meteoric rise in popularity as a potentially game-changing Internet 

technology owing to the financial and technological advantages it offers over more traditional modes of 

computer operation. Users are able to purchase computer resources as and when they need them using a pay-

as-you-go pricing model while using CC. As a result of this, a multitude of services are now being offered via 

the cloud, and there are a number of cloud service providers located all over the globe. Most notably, the many 

cloud service providers offer services that are comparable to one another but vary in the attributes they include, 

as well as the rates they charge and the levels of functionality they give. When confronted with all of these 

different options and unknowns, cloud users who have made the decision to employ cloud services are faced 

with the challenge of selecting the finest cloud service provider that can meet all of their unique requirements. 

The choice of a cloud service is presently receiving a lot of serious attention as a result of the increasing demand 

for cloud computing and the commercial demand for cloud services. Despite the fact that a variety of decision-

making approaches have been used in in the past to assist cloud customers in locating a cloud service that is 

appropriate for their needs, some uncertainties in the cloud environment, motivate more research. In this piece 

of work, we examined the challenge of selecting a cloud service in a setting where the goals of customers are 

always shifting. This paper employed the neutrosophic sets with the PROMETHEE method to select best 

alternative. This paper used 11 criteria and 5 cloud service provider.  

  

References 

[1] J. L. Schaefer, J. C. M. Siluk, and P. S. de Carvalho, “An MCDM-based approach to evaluate the 

performance objectives for strategic management and development of Energy Cloud,” Journal of 

Cleaner Production, vol. 320, p. 128853, 2021. 

[2] R. R. Kumar, S. Mishra, and C. Kumar, “Prioritizing the solution of cloud service selection using 

integrated MCDM methods under Fuzzy environment,” The Journal of Supercomputing, vol. 73, pp. 

Series 1
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

CloudA1 CloudA2 CloudA3 CloudA4 CloudA5

https://doi.org/10.54216/NIF.010202


Neutrosophic and Information Fusion (NIF)                                                  Vol. 01, No. 02, PP. 16-25, 2023 

  

23 

Doi: https://doi.org/10.54216/NIF.010202 
Received: December 18, 2022 Accepted: March 15, 2023 
 

4652–4682, 2017. 

[3] Z. ur Rehman, O. K. Hussain, and F. K. Hussain, “Iaas cloud selection using MCDM methods,” in 2012 

IEEE Ninth international conference on e-business engineering, 2012, pp. 246–251. 

[4] A. Al-Faifi, B. Song, M. M. Hassan, A. Alamri, and A. Gumaei, “A hybrid multi criteria decision 

method for cloud service selection from Smart data,” Future Generation Computer Systems, vol. 93, 

pp. 43–57, 2019. 

[5] J. (Jong H. Park and H.-Y. Jeong, “The QoS-based MCDM system for SaaS ERP applications with 

Social Network,” The Journal of Supercomputing, vol. 66, pp. 614–632, 2013. 

[6] G. Büyüközkan, F. Göçer, and O. Feyzioğlu, “Cloud computing technology selection based on interval-

valued intuitionistic fuzzy MCDM methods,” Soft Computing, vol. 22, no. 15, pp. 5091–5114, 2018. 

[7] R. R. Kumar and C. Kumar, “A multi criteria decision making method for cloud service selection and 

ranking,” International Journal of Ambient Computing and Intelligence (IJACI), vol. 9, no. 3, pp. 1–

14, 2018. 

[8] I. Petrov, “Combined criteria weighting in MCDM: AHP in blocks with traditional Entropy and novel 

Hierarchy in TOPSIS evaluation of Cloud Services,” in 2021 Big Data, Knowledge and Control Systems 

Engineering (BdKCSE), 2021, pp. 1–9. 

[9] Z. ur Rehman, F. K. Hussain, and O. K. Hussain, “Towards multi-criteria cloud service selection,” in 

2011 fifth international conference on innovative mobile and internet services in ubiquitous computing, 

2011, pp. 44–48. 

[10] T. Subramanian and N. Savarimuthu, “Cloud service evaluation and selection using fuzzy hybrid 

MCDM approach in marketplace,” International Journal of Fuzzy System Applications (IJFSA), vol. 5, 

no. 2, pp. 118–153, 2016. 

[11] R. Garg, “MCDM-based parametric selection of cloud deployment models for an academic 

organization,” IEEE Transactions on Cloud Computing, vol. 10, no. 2, pp. 863–871, 2020. 

[12] R. R. Kumar, B. Kumari, and C. Kumar, “CCS-OSSR: a framework based on hybrid MCDM for optimal 

service selection and ranking of cloud computing services,” Cluster Computing, vol. 24, no. 2, pp. 867–

883, 2021. 

[13] A. M. Mostafa, “An MCDM approach for cloud computing service selection based on best-only 

method,” IEEE Access, vol. 9, pp. 155072–155086, 2021. 

[14] A. A. Salamai, “Neutrosophic-based machine learning context for the trustworthiness of devices in the 

internet of things,” Journal of Neutrosophic and Fuzzy Systems, vol. 1, no. 1, p. 59, 2023. 

https://doi.org/10.54216/NIF.010202


Neutrosophic and Information Fusion (NIF)                                                  Vol. 01, No. 02, PP. 16-25, 2023 

  

24 

Doi: https://doi.org/10.54216/NIF.010202 
Received: December 18, 2022 Accepted: March 15, 2023 
 

[15] M. S. Goraya and D. Singh, “A comparative analysis of prominently used MCDM methods in cloud 

environment,” The Journal of Supercomputing, vol. 77, pp. 3422–3449, 2021. 

[16] J. Sidhu and S. Singh, “Design and comparative analysis of MCDM-based multi-dimensional trust 

evaluation schemes for determining trustworthiness of cloud service providers,” Journal of Grid 

Computing, vol. 15, pp. 197–218, 2017. 

[17] R. K. Tiwari and R. Kumar, “A robust and efficient MCDM-based framework for cloud service 

selection using modified TOPSIS,” International Journal of Cloud Applications and Computing 

(IJCAC), vol. 11, no. 1, pp. 21–51, 2021. 

[18] D. Xu, X. Wei, H. Ding, and H. Bin, “A new method based on PROMETHEE and TODIM for multi-

attribute decision-making with single-valued neutrosophic sets,” Mathematics, vol. 8, no. 10, p. 1816, 

2020. 

[19] P. Liu, S. Cheng, and Y. Zhang, “An extended multi-criteria group decision-making PROMETHEE 

method based on probability multi-valued neutrosophic sets,” International journal of fuzzy systems, 

vol. 21, pp. 388–406, 2019. 

[20] E. K. Zavadskas, R. Bausys, A. Kaklauskas, and S. Raslanas, “Hedonic shopping rent valuation by one-

to-one neuromarketing and neutrosophic PROMETHEE method,” Applied Soft Computing, vol. 85, p. 

105832, 2019. 

[21] F. Altun, R. Şahin, and C. Güler, “Multi-criteria decision making approach based on PROMETHEE 

with probabilistic simplified neutrosophic sets,” Soft Computing, vol. 24, no. 7, pp. 4899–4915, 2020. 

[22] N. A. Nabeeh, A. Abdel-Monem, and A. Abdelmouty, “A novel methodology for assessment of hospital 

service according to BWM, MABAC, PROMETHEE II,” Neutrosophic Sets and Systems, vol. 31, pp. 

63–79, 2020. 

[23] A. A. Salamai, “An integrated neutrosophic SWARA and VIKOR method for ranking risks of green 

supply chain,” Neutrosophic Sets and Systems, vol. 41, pp. 113–125, 2021. 

[24] R. R. Kumar, S. Mishra, and C. Kumar, “A novel framework for cloud service evaluation and selection 

using hybrid MCDM methods,” Arabian Journal for Science and Engineering, vol. 43, pp. 7015–7030, 

2018. 

[25] F. Nawaz, M. R. Asadabadi, N. K. Janjua, O. K. Hussain, E. Chang, and M. Saberi, “An MCDM method 

for cloud service selection using a Markov chain and the best-worst method,” Knowledge-Based 

Systems, vol. 159, pp. 120–131, 2018. 

[26] L. Sun, J. Ma, Y. Zhang, H. Dong, and F. K. Hussain, “Cloud-FuSeR: Fuzzy ontology and MCDM 

based cloud service selection,” Future Generation Computer Systems, vol. 57, pp. 42–55, 2016. 

https://doi.org/10.54216/NIF.010202


Neutrosophic and Information Fusion (NIF)                                                  Vol. 01, No. 02, PP. 16-25, 2023 

  

25 

Doi: https://doi.org/10.54216/NIF.010202 
Received: December 18, 2022 Accepted: March 15, 2023 
 

[27] A. E. Youssef, “An integrated MCDM approach for cloud service selection based on TOPSIS and 

BWM,” IEEE Access, vol. 8, pp. 71851–71865, 2020. 

 

 

 

https://doi.org/10.54216/NIF.010202

